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Metagenomics reveals the plastic degradation potential of microorganisms
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Abstract : [Objective] Plastic pollution has emerged as one of the most pressing environmental crises of the Anthropocene, with
about 391 million tons produced annually. This study aims to explore the potential of microbial plastic degradation in municipal
sewage in high-elevation areas, and to analyze the key genes and potential hosts involved in the plastic degrading process by
microorganisms. [ Methods ] This study integrated cutting-edge metagenomic sequencing with multivariate environmental
characterization, encompassing 16 physicochemical parameters such as ionic composition (K, SO,*,Cl™ ), nutrient levels (total
nitrogen). Metagenomic libraries were constructed using the Illumina NovaSeq platform to generate high-coverage datasets, thereby
facilitating the robust detection of low-abundance genetic elements. A customized bioinformatics pipeline was developed to annotate
plastic degrading genes, leveraging the Plastic Biodegradation Database for functional pathway reconstruction. [ Results ]
Comprehensive analysis of 21 influent samples from sewage treatment plants across Xizang identified a diverse repertoire of plastic

degradation genes, spanning 5 major categories and 13 subclasses. While regional differences in gene composition were minimal,
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central regions exhibited higher total gene abundance, with Bomi County in the east showing the highest relative abundance.
Degradation genes targeting polyhydroxyalkanoates (PHA) and synthetic homochain plastics dominated, displaying distinct spatial
patterns: western sites specialized in PHA degradation, while central and eastern regions demonstrated dual dominance of PHA and
synthetic plastic degrading genes. Notably,ZY1 and ZY2 contained a higher abundance of natural plastic degradation genes. Statistical
analysis results showed that gene abundance was stable across months and not significantly correlated with geographical parameters.
Procrustes analysis showed weak correlation between plastic degradation genes and bacterial communities. Variance partitioning
analysis identified sewage physicochemical parameters [ K" , dissolved oxygen (DO), total nitrogen ( TN), and temperature ] as
primary drivers, explaining 58. 0% of gene composition variance. Socioeconomic indices accounted for 14. 8%, highlighting
anthropogenic impacts, while bacterial communities contributed only 5. 2%. Mantel tests confirmed K and SO,?" as significant
predictors of synthetic plastic degradation genes (P<Z0. 05), with no environmental variables linked to natural plastic degradation
genes. Host-pathogen analysis revealed Acinetobacter johnsonii as the predominant pathogenic host, exclusively carrying synthetic
homochain plastic degradation genes. [ Conclusion] This study reveals a robust yet spatially homogeneous microbial plastic
degradation potential in Xizang sewage systems.,driven primarily by physicochemical factors (K™ ,SO,*") rather than geographical or
biological parameters. The dominance of A. johnsonii as a pathogenic host for synthetic plastic degradation genes raises biosafety
concerns , necessitating stringent monitoring in sewage treatment systems. The biodegradation process of synthetic homochain plastics
may also pose risks of pathogen transmission. These findings provide a scientific foundation for developing targeted strategies to
mitigate plastic pollution in fragile high-altitude ecosystems while addressing potential pathogen transmission risks. Future research

should focus on optimizing biodegradation pathways and monitoring pathogen-plastic degradation linkages in these unique environments.
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Fig. 1 Distributions of sampling sites of sewage treatment plants in Xizang
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Fig. 2 Abundance of plastic degrading genes in 21 sewages in Xizang (a) ,principal coordinates analysis of gene

composition (b) ,and Procrustes analysis of plastic degrading genes and bacterial communities (c¢)
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Fig. 3 Variance partitioning analysis for quantifying the relative contribution of water quality parameters, socioeconomic index,and

bacterial communities to the distribution variations of the plastic degrading genes (a),and Mantel test analysis of the

correlation between effluent water quality parameters and different types of plastic degrading genes (b)
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